Today, climate change is assumed by many researchers and scholars as a certainty and is presented as the biggest challenge humanity has ever faced. It is commonly accepted that anthropogenic greenhouse gas emissions are the main cause that is accelerating the process. Therefore, it is urgent to find solutions to mitigate climate change, mainly because the intense effects have already been felt, in many cases in the form of the occurrence of extremely violent weather events. Forests are undoubtedly one of the most effective and easiest ways to provide the function of carbon sinks. However, it is essential and convenient to analyze the permanence time of this carbon in forests, because this permanence time depends directly on the forest management model used. This article aims to analyze forest management models from the perspective of carbon residence time in temperate forests, dividing the models into three types, namely carbon conservation models, carbon storage models, and carbon substitution models, according to their ability to contribute to functioning as carbon sinks, thereby contributing to the mitigation of climate change.
Introduction
Mankind is currently facing one of the greatest challenges it has ever faced, and must be prepared to efficiently solve and adapt to the problem, because even if organized in an integrated and global manner, the solution will not be immediate [1] [2] [3] . Climate change is a reality which is assumed almost unanimously by the scientific community, but also by the majority of the general population who, even without understanding the technical and scientific components associated with the phenomena, feel the implications and changes in their daily lives [4] [5] [6] . An example of these situations is the occurrence of extreme weather phenomena, in particular, concerning forest environments, which have a direct consequence by increasing the occurrence of rural fires and changing environmental conditions that lead to the proliferation of exotic forest species that could present an invasive behavior due to a faster adaptation to the new climatic parameters [7] [8] [9] [10] .
Assuming that an increasing concentration of CO2 in the atmosphere is the main cause of climate change acceleration, without discussing the origin of this CO2 (Figure 1) , it seems clear that the first steps to mitigate the changes are any that can somehow reduce this CO2 concentration [11] [12] [13] [14] .
However, increasing concentration of CO2 in the atmosphere can be attributed to anthropic activity in the increments of 7.8  0.8 PgC yr -1 and 1.1  0.8 PgC yr -1 , respectively, associated with fossil fuel use and land use change [15] . In other words, it is a set of all the measures that are implemented to have CO2 sequestered from the atmosphere (Figure 2 ), but at the same time stored for as long as possible, somewhat delaying the natural carbon cycle [16] [17] [18] .
A process, activity, or tool that contributes to CO2 removal from the atmosphere and to storage for a certain period of time is known as a carbon sink. This storage occurs mainly in oceans, soils, and forests, where organisms capture carbon and release oxygen into the atmosphere [19, 20] . The balance between CO2 captured by forests through photosynthesis is 14.1 PgC yr -1 and the CO2 released through respiration and forest fires is 11.6 PgC yr -1 , representing a positive balance of capture and storage [15] . Carbon sinks work like a drain, and unlike sources that emit more carbon than they absorb, they absorb more carbon than they emit. Because it is a natural and environmentally friendly process, human actions have been negatively interfering [21] , because burning of fossil fuels, as well as different land uses associated with deforestation and burning, are the main causes of the increase in CO2 levels in the atmosphere. This destruction consequently makes storage more difficult [22] .
In this perspective, forests present themselves as a potential solution, as they can effectively contribute to CO2 capture and sequestration over different time periods [23] . These periods are greater the longer the longevity of the forest species used, but also totally dependent on the intended purpose for the forest [24] , that is, whether short rotation periods are used, as in the case of energy crops, or long rotation periods are used, as in the case of forests intended for the production of timber for construction or shipbuilding [25, 26] .
In 1997, the Kyoto Protocol suggested that the absorption of carbon dioxide by trees and soil is as valid as reducing CO2 emissions from burning fossil fuels [19] . As a result, trees, other plants, and soil were given great importance as temporary carbon sinks emitted into the atmosphere by burning fossil fuels [27] . However, there is a movement against these carbon sinks because their effect cannot be accurately measured, especially in forests as trees absorb different amounts of carbon and the carbon movement in soils is unknown [28, 29] .
In addition, there is a problem of interests. Land used for carbon sink projects requires legal agreements that prevent land use for many years [30] . In this way land is used to generate emission rights so that the most polluting countries and industries continue to pollute while communities are unable to meet their needs [31, 32] . Figure 1 . The release of carbon sequestered and stored in the distant past is most likely the leading cause of accelerating climate change. The increasing use of fossil fuels since the period of the industrial revolution is, on the one hand, the basis of societal development as it has made available accessible energy sources, but, on the other hand, it has contributed greatly to pollution and to the increased concentration of CO2 in the atmosphere.
From this point of view, projects involving reforestation and intensive planting of new forests have been emerging all over the world as they are presented as simple measures to implement [20, 33, 34] . Examples are the reforestation megaprojects being carried out in Africa or India [35] [36] [37] [38] [39] . For example, the green wall that is being erected in Africa, made of trees, to prevent the advance of the Sahara Desert. It is the 15 km wide and 7775 km long "Great Green Wall" across the African continent from Mauritania to Djibouti, with the aim of halting the advancement of the desert, improving the management of natural resources, and fighting poverty [40] .
However, many other projects, perhaps less well-publicized, are also being implemented in several other countries, where they are also expected to contribute to climate change mitigation [41] [42] [43] . For example, the Cape Verdean government and FAO signed in 2017, a five million euro agreement for the European funding of the project entitled "Strengthening the Capacities and Resilience of the Forest Sector in Cape Verde". The project is to be implemented and financed by FAO with 133,000 euros, and carried out on the islands of Boa Vista, Fogo, and Santiago. The main objective is to increase resilience and strengthen the countryʹs adaptive capacity in view of the additional risks caused by climate change, such as desertification and land degradation [44] . Forests are able to create their own carbon cycle, as trees and plants in general, take CO2 out of the atmosphere and use it to create their own organic matter, along with water and sun energy, through photosynthesis. It is this process that allows the use of biomass energy to be considered carbon neutral, as it is considered that the carbon emitted is only that which the plant has absorbed and stored during its lifetime.
Capture and sequestration of atmospheric CO2 by forests also present differences, because depending on the type of forest development implemented, the results obtained concerning carbon quantity and permanence time vary, and can lead to the achievement of different objectives [45, 46] .
The main objective of this review article is to analyze different management models applied to temperate forests, defined by their ability to capture and store carbon, but most importantly, for how long this carbon can be stored. Here, the models that are analyzed generically refer to the possibilities of land occupation with forest aptitude, but also are extensible to soils with other occupations, namely old agricultural soils, bushlands, and pastures. In this way, the potential contribution of forests to climate change mitigation is also analyzed.
The Global Carbon Balance
Although weather has changed throughout the history of the earth, in all time scales, it is clear that the current changes have some distinct aspects. For example, currently, the observed concentration of carbon dioxide in the atmosphere far exceeds the natural range of the last 650,000 years, reaching a record 415 ppm, an increase of about 100 ppm from the period prior to the industrial revolution [47] . Another distinct aspect of current climate change is its origin, unlike in the past, where climate change has resulted from natural phenomena, while most current climate change, particularly in the last 50 years, is attributed to human activities [48] .
The main evidence of this current climate change is global warming, which has been detected in rising global average air and ocean temperatures, widespread melting of snow and ice, and rising sea levels, and which can no longer be denied [49, 50] . Currently, the average global surface temperatures are at their highest as compared with at least five centuries. The global average surface temperature has increased by about 0.74 °C over the last hundred years. If this is no significant action concerning this warming, a very unusual climate is expected during this century which could present, for example, an average increase in global temperature from 2 °C to 5.8 °C, as reported in 2007, in the Fourth Report of the Intergovernmental Panel on Climate Change (IPCC) [51, 52] .
The concentration of atmospheric CO2 has been measured directly and systematically in Mauna Loa (Hawaii, USA) since 1957 [53, 54] . For periods prior to this date, this concentration can be calculated by analyzing the atmospheric composition of bubbles of trapped air in the ice of the poles [55] [56] [57] , taking into account the fact that each bubble is composed of air of different ages and that the deepest ice retains older information (due to the progressive accumulation of ice) [58] . In recent years, a new set of satellites has been launched aimed at quantifying CO2 in the atmospheric column, GOSAT and OCO-2, allowing global and continuous monitoring of flows and concentrations of CO2 with moderate spatial resolution [59] [60] [61] [62] .
The Global Carbon Project (GCP), implemented in 2001, is a project that periodically documents the evolution of anthropogenic CO2 emissions, as well as CO2 flows in oceanic and terrestrial reservoirs [63] . GCP analyses are limited to the final decades of the twentieth century, for which data obtained through direct observations are available. For earlier periods, the only existing records come from air trapped in the polar ice caps [64] . However, the calculation of fluxes present in the terrestrial carbon balance for these periods presents great uncertainty [65] .
CO2 emissions from fossil fuel combustion and industry, fossil fuel emissions (FFE), are usually based on energy statistics and cement production data from different organizations, e.g., Carbon Dioxide Information Analysis Center (CDIAC), International Energy Agency (IEA), and United States Department of Energy (DoE), with CDIAC estimates being the only ones providing data since 1751 [66] [67] [68] . Emissions from land use and land cover change (LULCC) have been dominated by deforestation in recent decades [69] . They are generally based on statistical or satellite data (where available) of land use and land cover changes and are calculated using various types of models, these data currently being combined with information on fires (related to human intervention), usually from satellites [70, 71] .
Observations of ocean CO2 fluxes (SOCEAN) have been made from the 1970s onwards by measuring the surface CO2 pressure (pCO2) [72] [73] [74] . However, these observations correspond to point measurements in the oceans, which means that global sequestration is not necessarily known. It is for this reason that annual anomalies and trends in the global ocean sink are usually estimated using ocean models (as in the GCP, for example) [75] .
With respect to CO2 fluxes in terrestrial ecosystems, the only direct measurements available are point data of turbulent vertical gas flows in the atmosphere (eddy covariance flux), and these data are available for long periods and homogeneous topography locations [76, 77] . These measurements have been in existence for a few decades (since the 1990s systematically) and are organized in continental and global networks such as FLUXNET, which enables global and regional assessment of CO2 exchange [78] [79] [80] . FLUXNET is a network of meteorological sensors measuring atmospheric state variables, such as temperature, humidity, wind speed, rainfall, and atmospheric carbon dioxide, on a continuous basis, and serves to predict weather, climate, and the cycling of carbon and water [81] .
Carbon Flows in Terrestrial Ecosystems
Disruptions in the global carbon cycle are framed within a broader context as the "global environmental exchange", which in many ways ameliorates the functioning of the planet and includes various closely related phenomena and processes [82] . A global change is defined by the types of phenomena involved which include (a) One that alters the fluid layers of the Earth systems (the atmosphere or the ocean), and therefore is experienced on a planetary scale and (b) one that occurs in discrete but widely distributed places that constitute a global exchange [82] [83] [84] . Examples of the first phenomena include changes in the composition of the atmosphere (e.g., increases in the concentration of carbon dioxide and methane), climate change, the destruction of the ozone layer in the stratosphere, and an increase of ultraviolet radiation. Examples of the second type of phenomena include loss of biodiversity, exchanges in its use (e.g., the destruction of forests for agricultural use), changes in atmospheric chemistry (e.g., the acidic cloud and the increase of ozone concentration in the troposphere), and biological invasions [85] .
The common denominator of all the components of the global environmental exchange is human activity, which has acquired enormous proportions in relation to the energy and material flows at the global level [86] . The disruptions in the global carbon cycle have severe repercussions on the climate of the planet due to the properties of CO2 and methane as greenhouse gases, such as a major concentration in the atmospheric atmosphere and the highest global average temperature of the planet [87] .
To understand the factors that influence LULCC, one must consider the different biogeophysical, biogeochemical, and ecological processes that occur at different time scales and affect carbon flows in terrestrial ecosystems [88] . At short time scales, ecosystems exchange energy, water, and other chemical compounds ( Figure 3 ), and these exchanges are regulated by physical and ecological processes on a daily basis or on a seasonal basis [89, 90] . Energy and water exchanges are mostly influenced by vegetation or soil characteristics, such as albedo, which regulates the amounts of solar energy absorbed and reflected by the earthʹs surface, or soil water availability, which regulates the hydrological cycle and latent heat fluxes [91] .
General mechanisms operating jointly are considered to exist, but on different scales of time. In the broad range (hundreds of millions of years), the carbonate-silicate geochemical cycle operates as a concentration regulator [92] . In this cycle, atmospheric CO2 dissolves in rainwater and forms carbonic acid that reacts with the minerals exposed on the earthʹs surface, generating what is known as weathering of the rock [93] . The rivers surround the products that are discarded by the ocean. In the ocean, calcium carbonate is formed. This is deposited in the marine sediments through the process of subduction between the low crust of the Tierra. In this process, elements are reincorporated into the primary minerals of the rocks and the carbon returns to the atmosphere as CO2 by the volcanic and hydrothermal emissions. This geochemical cycle has helped to maintain atmospheric CO2 concentration by a 1% decrease over the last 100 million years. However, annual carbon flows are relatively small [92, 94] .
Radiative and hydrological processes, therefore, play a fundamental role in the functioning of terrestrial ecosystems (through variables such as temperature, precipitation, evapotranspiration, and soil water profile) [95] . Momentary changes are associated with wind-borne energy, whose behavior influences soil and plant evapotranspiration [96] . CO2 flows are mostly related to photosynthesis, respiration, and decomposition of organic matter, and are largely conditioned by other physical processes. Examples of factors influencing the various processes mentioned above are the seasonal variability of solar radiation, local hydrology, nutrient absorption, and mineralization, or vegetation phenology and resource allocation [97] .
The ability of terrestrial ecosystems to function as carbon sinks depends, to an important extent, on the ʺfertilization effectʺ due to the increase in the concentration of carbon dioxide in the atmosphere and the deposition of atmospheric nitrogen, which is emitted in excess for various human activities [98] . Fertilization by CO2 is possible, and its current atmospheric concentration limits the productive capacity of plants [99] . There is evidence that the effect of fertilization increases the growth of plants under natural conditions, however not to the extent that physiological studies of individual plants and controlled conditions suggest [100] .
As schematized in Figure 3 , over a year, ecological processes affect the structure and composition of ecosystems, which in turn control short-term functioning, such as competition between different vegetation types, nutrient deposition, and regime disorders (e.g., fires, droughts, and pests) [101] . Human activities also interfere with the structure and functioning of terrestrial ecosystems through LULCC, soil and forest management, or the addition of nutrients to ecosystems [102] . As represented in the figure, ecosystems are dynamic and their composition and structure changes over time. There are periodic disturbances such as fires, hurricanes, droughts, floods, and pests that substantially change grasslands, forests, estuaries, mangroves, and other communities. These events are known as disturbance regimes and change from region to region depending on weather conditions. Currently, the main disturbance regime is human activities. Wood harvesting from forests, roving crop systems, and other activities transform ecosystems into successive states.
Carbon is found in the atmosphere, the biosphere, the oceans and the sediments [103] . Plants use CO2 from the atmosphere and convert it into carbohydrates and in this way, much is stored in forests and soil. In the sea, many organisms use carbon to form their external skeletons and their shells [104] . Carbon returns to the atmosphere through the respiration of organisms, organic decomposition, combustion, and volcanic eruptions [74] . The other chemical elements have similar cycles [105] .
Water is the most abundant molecule on the surface of the planet Earth. It is the only molecule that can be found naturally in a solid, liquid, and gaseous state and is essential to all life on Earth [53] . The properties of water provide a perfect medium for biological reactions that occur within cells, from the ability to store energy through photosynthesis, to energy consumption through respiration [106] . The water that evaporates from the oceans with the energy of the sun is transported by the circulation of winds around the planet [107] . When wind is rising, following the contours of the mountains, the wind cools and transforms into rain providing moisture to forests, jungles, grasslands, and thickets and suppling streams, rivers, lakes, groundwater, and finally returns to the sea [108] . In this long way, water is absorbed by plants and consumed by animals that require it since it constitutes between 55% and 80% of living beings [109] .
Living things require energy to perform their basic growth, reproduction, and survival activities. Plants are the primary producers that transform the sunʹs energy into chemical energy through photosynthesis. First the chlorophyll molecule absorbs the energy of light and divides the water molecules into hydrogen and oxygen [110] . As a second step, carbon dioxide is transformed into carbohydrates (sugars), that is, into larger molecules of carbon, hydrogen, and oxygen [111] . Herbivores, as primary consumers, feed on plants and obtain nutrients and energy from them, which in turn are passed to carnivores and from these to decomposers [71] . The flow of energy through living beings is known as the trophic chain or food chain and each of the levels through which it passes, is known as a trophic level [59] .
Forest Management based on Carbon Capture and Sequestration Capacity

Carbon Conservation Model
As noted above, the process of carbon capture and sequestration involves removing carbon dioxide from the atmosphere. This process occurs mainly in oceans, forests, and other places where organisms, through photosynthesis, capture carbon and release oxygen into the atmosphere. It is the capture and safe storage of carbon dioxide (CO2) that prevents its emission and permanence in the atmosphere [112, 113] . Figure 4 is a schematic representation of this type of model, which shows the major interactions that contribute to a forest management trend in which carbon concentration is conserved in the forest [114] . Theoretically, this model does not contribute to the reduction of atmospheric carbon, but also does not contribute to increasing its amount [115] . Concerning the carbon content, this model is considered neutral [116] . However, this claim presents some controversy for several authors [117] [118] [119] [120] [121] [122] [123] [124] , in particular, whether the primary mitigation value of forests is in instantaneous and short-term flux rates and product substitution or stock longevity [120, 122, [125] [126] [127] [128] [129] .
Examples of measures projected to increase the conservation of a larger carbon content include increasing coppice rotation periods, avoiding damage to trees during forestry operations, reducing logging residues by applying soil conservation techniques, and using wood in a more carbon efficient way [130] .
An example of this forest management model is found in the Eucalyptus spp. planted forests for the pulp and paper industry supply [131] [132] [133] , but other examples are found in Acacia spp. or Salix spp. plantations for energy production, where the species used have rotation periods shorter than 15 years, depending mainly on the location and on the species characteristics [132, 134] . This type of forest with shorter rotation periods conserves carbon content. In reality, this system only allows the carbon returned by industry to the cycle to be captured and stored, and does not allow a positive balance towards carbon sequestration for long periods [135] . [136] ). Figure 5 shows a schematic representation of the forest management model for carbon storage. The objective of this model is to increase the amount of carbon in the forest vegetation and soil, increasing the surface or carbon content of biomass in natural and planted forests by increasing storage in durable wood materials [137] .
Carbon Storage Model
To increase carbon storage in vegetation and soil, it is necessary to protect secondary forests and other degraded forest areas, those which have carbon content values below the maximum possible in both plants and soil, by carrying out regeneration and soil enrichment [138] .
Reforestation of uncovered land together with the promotion of natural or artificial regeneration of secondary forests, and also increasing forest cover on agricultural land or pastures, are measures that contribute to increasing the amount of sequestered carbon [139] .
In the case of timber products, carbon stocks can increase due to a higher demand for timber products, which is occurring at a faster rate than the rate at which wood deteriorates and due to the extension of the durability of timber products [140] . An example of this model of forest management can be found in the planted forests of Pinus spp., the most common species being Pinus pinaster, Pinus elliottii, or the Pinus caribaea var. hondurensis, used for the supply of resin gum for the chemical industry [141] , but others can be found as well, such as, for example, Hevea brasiliensis, the rubber tree.
Forests with longer rotation periods of 15 to 25 years, where the replacement cycle of trees is longer that one used for energy or the pulp and paper industry, capture and sequester carbon fixation over longer periods [142] . [136] ).
Carbon Substitution Model
The main objective of this management model, as shown in Figure 6 , is to increase the amount of carbon transferred from forest biomass to other products, usually derived directly or indirectly from fossil fuels, such as biofuels or building materials, instead of using fossil fuel-derived energy or cement industry-derived products [143] . This perspective presupposes the extension of the use of forests to supply raw materials and fuels. This can be achieved by the establishment of new forests or by increasing the growth rates of already existing forests [144] . However, the fact that wood products also create emissions should be taken into account, in particular the production of biofuels must be deeply analyzed once it contributes mostly carbon storage problems related with deforestation for land use [145] .
This type of management model, i.e., forests where energy crops are settled on land without any sort of cover or with non-arboreous cover, can generate an increment in the total amount of carbon captured and sequestered in that area. Furthermore, biomass used as fuel replaces an equivalent amount of fuel with fossil origin, creating an effective carbon uptake rate in unburnt fossil fuels, known as offset emissions [146] .
An example of this forest management model is when this management is implemented from the perspective of circular economy, where the byproducts resulting from forestry operations are converted into biomass-derived fuels, such as wood pellets or biochar and, then, used in substitution of fossil fuels [146] . This management model allows the captured and sequestered carbon to replace an equivalent amount of carbon of fossil origin [147] , while maintaining the larger amount of carbon captured and stored for much longer periods, than in those models described previously [148] .
Another form that can be considered inside this management model scheme are the Quercus suber plantations used in the supply of raw materials for the cork industry [141] . This type of forest with extremely long rotation periods, where the replacement cycle of trees is very long, allows the accumulated carbon to be captured and sequestered, allowing a positive balance towards carbon fixation over long periods [142, 149, 150] , at the same time that it releases byproducts that can be included into a circular economy procedure [151] . In these forests, trees can present a rotation period much higher than 25 years, as is the case of the above mentioned Quercus suber for cork production, where the economic viability can be reached only after 25 years when the first cork is extraction, but the profit only arrives after the third cork extraction, 18 years after, maintaining this capacity cyclically each 9 years and during almost 200 years [152] . Figure 6 . Forest management model for carbon substitution (adapted from [136] ).
Discussion and Conclusions
It is commonly known that forests are a very important part of the carbon balance. A large part of the terrestrial carbon with organic origin is captured and sequestered in the biomass generated and in soil. As a main result, alterations in the CO2 balance in forest ecosystems occur, which are due to changes in use or changes in the management model, with significant impacts on the concentration of atmospheric CO2.
Forest management is defined as the use of forest resources through sustainable techniques, preserving species and ecosystems. In the case of industrial exploitation, this management can be done through productive rotation, in which the mature trees are cut, while the young ones grow to be cut in the future, while new seedlings are planted, in a continuous cycle of extraction and preservation.
The interactions between the forest management models described here are outlined in Figure  7 . Each one of the models is analyzed from the perspective of the intensity with which different forms of management model can be applied, and the tasks leading to the fulfillment of the intended objectives. Forest management increases the chances of continuing to harness natural resources over the years and reduces the risk of deforestation and forest devastation. The carbon conservation model is the most common, basic and simplistic model, and the one that normally occupies the largest forest area, even when there is no concrete objective of immediate raw material supply, but rather because forest owners have the short-term perception of earning income. Other models are more complex, including more variables and more mitigation measures used to significantly increase the carbon capture and sequestration rates, and finally, in the last model presented, mitigation measures are used for offsetting emissions [153] .
These approaches include the production of raw materials, such as timber and fuels, and also environmental goods and services ( Figure 8 ). Therefore, this must be understood as an opportunity to expand the vision of planning forests as a resource, considering in the planning the inclusion of environmental services for carbon capture, fixation, and storage, in other words, produce the service of a carbon sink that is used to finance the development of new forests.
Trees are generally species with longevity. The cycles of growth and basal metabolism of trees are processes that usually depend directly on climate conditions over time (Figure 9 ). This is mainly true with regards to temperature, precipitation, and solar radiation. Thus, any changes in these factors affect the growth rates of trees, and even the survival of the species, especially when these changes happen too fast, without giving time for forest species to adapt to new climate conditions. Figure 10 schematically represents the different examples of forest management models associated with the capacity that each type of model can have in storing carbon over time. As can be seen from the graphs shown, this storage capacity is directly related to the rotation time used. Thus, it is considered that models that use short or medium rotation times, such as the rotation periods associated with Eucalyptus spp. or Pinus Spp., have equivalent storage capacities. Planted forests of Quercus spp., or similar species, have a higher carbon storage capacity over the long term, as the rotation periods used can reach many tens, or even hundreds of years. Any of these forest management models have high potential economic returns given the quantity and quality of the products supplied. It is also possible to relate the risk of fire with the use of these forest management models, as it is understood that the risk of fire decreases in direct proportion to the increment of management and operation activities, namely through cleaning, sanitary thinning, or from cutting down sick or defective trees. Thus, the risk of fire is higher in spontaneously growing forests, as the disorganized growth of several species increases the storage of high fuel loads due to the lack of management, because the poor quality of the products does not allow its monetization [154, 155] . Figure 10 . Relationships between different types of forest with potential economic performance, carbon storage capacity, and fire risk. Fire risk is a variable that has to be introduced, as this risk depends on the ability of temperate forests to keep carbon stored for longer periods, but also on the potential interest of forest owners to make a particular type of forest to the detriment of another.
Forests, whether in an arctic, temperate, or tropical environment, play a major role in gas exchanges with the atmosphere, as they are the major flows of greenhouse gases. For the most important of all, CO2, forests can be both source and sink. Thus, during the daytime, forests absorb large amounts of CO2. This amount is greater than that released by breathing. Thus, forests play the role of CO2 sinks. Intuitively, mature, old primary forests should absorb a similar amount of CO2 to the forests that can release CO2, thus, achieving a balance. Two hypotheses are suggested to explain this positive balance:
(1) CO2 storage is the response of the forest to climate change and especially to the increase of CO2 concentration in the atmosphere;
(2) The most important forests on the planet are not as mature and old as previously thought, and therefore are still be in a phase of regeneration after disturbances, which has left deep marks in their functioning.
However, if forests store CO2, cutting more than their regeneration capacity (intensive deforestation for agriculture or mining) causes a significant decrease in CO2 storage, and in response, forests become sources of greenhouse gases. When analyzing the balance in a large forest region, it is important to specify which area the balance corresponds to, as an undisturbed forest is an important CO2 sink, but taken together when disturbed forests and destroyed forests are included, and burned, the forest can be a major source of CO2 to the atmosphere.
Thus, it is necessary to discover the proper tools needed for native and planted forests in temperate regions to evolve with the new scenario of climate change. A critical phase that must be considered with particular attention is the phase of regeneration and implementation of forests, because young plants are deeply susceptible to and dependent on variations in radiation levels and water availability. This failure in the establishment could jeopardize equally the stability of native and new planted forests.
The idea embedded in the concept of carbon sinks is that tree plantations, through photosynthesis, could offset CO2 emissions by absorbing CO2. Many years ago, Larry Lohmann [156] warned that "the problem is how to calibrate a significant and reliable ʹequivalenceʹ between carbon permanently sequestered in fossil fuel deposits, transient CO2 in the atmosphere, and carbon sequestered temporarily as result of any particular tree planting or national tree planting program. No one has a clue how to do that. Nor are they likely to have it someday".
It is important to consider that the magnitudes that are currently calculated for carbon sinks will not operate steadily in the future, as all key processes diminish. For example, carbon capture by young forests that grow in agricultural lands diminish as they mature. But it is expected that climate change effects on ecosystems will reduce the capacity of the sinks on a global scale. It is essential to take into account these limitations of the biological systems of the planet and to consider the global carbon balance in the future. 
